ABSTRACT We conducted a retrospective study of 473,964 U
INTRODUCTION
U.S. Army soldiers serving in Iraq and Afghanistan are exposed to demanding and stressful conditions on a daily basis, and comprehensive evaluation of their mental health status is needed for military medical planning, preventing, and minimizing potential risk factors. This is especially important because of the unprecedented nature of the current operations. Although analysis of mental health in returnees ofthe current operations and even of soldiers of past wars has been used inferentially as a surrogate for the mental status of deployed soldiers, mental health data of soldiers while deployed is the best measure of their mental disorder conditions.
The mental health of U.S. soldiers is of interest during both military conflicts and peace. The Millennium Cohort Study' of 77,047 U.S. service members in [2001] [2002] [2003] reported that the baseline mental and physical health for service members was better than the general population; being male, married, better educated, of higher military rank, and being part of the Air Force contributed to better overall health. Attrition and mental health associations have been the focus of several studies. In a comprehensive study, Hoge et al.^ examined the burden of mental disorders on the utilization of health care and early military attrition among U.S. military personnel across all 4 services from 1990 to 1999. They found the rates of hospitalization for any mental disorder, principal diagnosis of a mental disorder, and substance abuse to be 11.9, 9.8, and 1. The views expressed in this article are those of the authors and do not reflect official policy of the Department of the Army, the Department of Defense, or the U.S. government.
This manuscript was received for review in April 2008. The revised manuscript was accepted for publication in June 2009 admissions per 1,000 person-years, respectively (Table I) . In a more recent publication, Hoge and colleagues' identified mental health disorder as one of the most common reasons for separation, other than voluntary, in the U.S. active duty personnel hospitalized in 1998. In a study of Australian Royal Navy personnel that included those who participated in the Gulf War, Creamer and colleagues'* found that mental disorders were related to 19% increased risk of separation; anxiety disorders and post-traumatic stress disorder (PTSD) were significant risk factors for attrition.
Milliken et al.' compared surveys that were completed immediately upon return from Iraq to surveys completed 3 to 6 months after return. They identified increased percentages of interpersonal conflicts, PTSD, depression, and overall mental health disorders. Adler et al.* found increased depression and PTSD with increased length of deployment in male soldiers deployed to the Balkan theater of operations, but reported increased psychological well-being with number of previous deployments. Many recent articles'"" have concentrated on PTSD issues among returnees from Operation Enduring Freedom (OEF) and Operation Iraqi Freedom (OIF). These studies''*" have reported PTSD prevalence ranging from 5 to 13%. In an anonymous survey of U.S. Army soldiers, Hoge et al. ' found that of those surveyed, 5.0% of the soldiers before deployment to Iraq {n = 2,414), 12.9% of Iraq returnees (n = 881), and 6.2% of Afghanistan returnees (n -1,956) screened positive for PTSD. In a subsequent population-based study of Army soldiers and Marines, Hoge and colleagues** found that 4.7% of Afghanistan returnees (n = 16,318) and 9.8% of Iraq returnees {n -222,620) screened positive for PTSD on a postdeployment health assessment form. Erbes et al." found a PTSD level of 12% on the basis of a survey {n-117) of returnees from OEE and OIF. Shen et al. ' found that PTSD levels increased significantly with location and duration of deployment, increasing 1.1 percentage points for tours beyond 60 days. Army leadership needs more informed assessment of the psychological resilience of soldiers. Disease and nonbattle injury admissions in Iraq and Afghanistan have been investigated,''*" but no study provides information on the magnitude of mental disorder hospitalizations among deployed forces in both recent operations. Most studies of mental disorders of soldiers deployed to Iraq and Afghanistan have been based on surveys administered to nonrandom samples of participants. In contrast, our study examined the entire population of soldiers deployed to OIF and OEF through December 2004. It, therefore, provides additional and in depth analyses of the mental health status of deployed troops. To have a broader understanding of mental disorder problems in theater, our study also included admissions related to attempted suicide and self-inflicted injuries. This study should enhance military medical planning for securing operational effectiveness of deployed soldiers and provide behavioral health professionals insights for developing premobilization intervention and prevention programs. This happened when a patient was transferred from one Army facility to another for more definitive care. Mental disorder admission rates were calculated as the total number of episodes of care divided by the total number of soldier-years at risk and multiplied hy 1,000.
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METHODS
Research Design
Classification of Mentai Disorders
The International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes 290-319 cover the broad spectrum of mental disorder conditions. We used these codes from the first 8 SIDR diagnosis fields to identify any mental disorders. The first diagnosis of a SIDR is designated as the principal diagnosis. Similar to Hoge,^ we further categorized the mental disorders using the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) as substance-related, adjustment, mood, personality, psychotic, anxiety, PTSD (a subcategory of anxiety disorder), somatoform/ dissociative/factitious, and other mental disorders.
ICD-9-CM codes E950-E959 were used to identify attempted suicide-related/self-inflicted admissions. Because of the small number of attempted suicide-related/self-inflicted admissions, we analyzed hospital admissions (using all 20 diagnoses fields in a record) rather than episodes. Descriptive analysis of the study population included frequency analysis and percentages by demographic and military characteristics. Days from the beginning of a tour until admission to a treatment facility involving a mental disorder diagnosis were called "days to mental admission."
Statistical Analysis
Overall admission rates for the 2 operations were calculated. We applied multiple Poisson regression models to estimate relative risk of mental disorders simultaneously adjusting for independent variables. We used GENMOD'* procedure in SAS 9.1 (SAS Institute Inc., NC). The following benchmark (reference) categories were defined. The relative risk of mental disorders in female soldiers was estimated as compared to male soldiers. Similarly age group younger than 20 years. White race/ethnicity, active duty military component, combat unit, and phase 3 were chosen as reference categories. Levels of a risk factor were compared with the associated reference category by estimated relative risks, 95% confidence intervals (CI), and significance levels (p) in models adjusted for gender, age, race/ethnicity, component, grade, unit, and phase categories. To address concerns about the confounding of unit and gender we reanalyzed any mental disorder stratified by gender.
We analyzed the risk of mental disorders (any mental disorder, substance abuse disorder, mood disorder, adjustment disorder, anxiety disorders, and PTSD), adjusted for soldieryears to control for time spent in theater, and controlled for overdispersion by the Pearson scaling factor. We also computed attempted suicide-related hospital admission rates and relative risks by gender and age.
RESULTS
We examined 473,964 soldiers who contributed to 582,044 combined tours in OIF and OEF; 88,703 (19%) soldiers participated in more than 1 tour. There were 417,412 soldiers deployed to OIF on 476,635 tours; 82,511 (20%) of those soldiers went on multiple tours. In OEF, 92,793 soldiers went on 105,409 tours, and 41,063 (44%) of them served on more than 1 tour. Some differences in demographic composition and military characteristics were observed between deployment locations (Table II) . There were 3% more women, 2% more African Americans and Hispanics, and 0.1% more Native Americans in OIF as compared to OEF. The age profile was similar between deployment locations with the vast majority of the soldiers in their twenties and thirties. For military structure, there were 13% fewer combat units, 8% fewer active duty, and 4% fewer officers in OIF.
Ten percent (n -1,948) of the total hospitalizations (episodes of care) in both campaigns included a diagnosis of a mental disorder, and 6% {n = 1,225) of the hospitalizations had a principal mental disorder diagnosis. The admission rates for any mental diagnosis were 6.42 admissions per 1,000 soldier-years in OIF and 6.44 per 1,000 soldier-years in OEF. Principal mental disorder hospitalizations rates were 4.00 admissions per 1,000 soldier-years in OIF and 4.25 per 1,000 soldier-years in OEF (Table III) .
The 1,225 principal mental diagnoses (Table IV) were composed of 30.8% adjustment disorders, 29.7% mood disorders, 11.7% other mental disorders, 9.7% anxiety disorders (including PTSD; 4.8% of the 1,225 principal diagnoses were PTSD), 6.7% substance abuse disorders, 5.3% psychotic dis- orders, 4.5% persotiality disorders, and 1.6% somatoform/dissociative/factitious disorders.
Risk Analysis of Mental Disorders-OIF
One thousand, five hundred sixty-five soldiers had 1,633 hospitalizations in OIF, with a mental disorder diagnosed either as a principal or additional diagnosis. Mental disorders that contributed to the 1,633 hospitalizations were composed of 30% (n = 493) mood disorders, 24% (n = 397) adjustment disorders, 16% (n = 260) anxiety disorders, and 12% (n = 196) substance abuse disorders. PTSD constituted 45% (n = 116) of the anxiety disorders. Grade, gender, race/ethnicity, age, unit, and phase of operation were identified as statistically significant mental disorder hospitalization risk factors in OIF (Table V) .
As compared to male soldiers, female soldiers encountered 60% higher risk of any mental disorder hospitalization, double the risk of mood disorders, 80% higher risk of adjustment disorders, 2.4 times the risk of anxiety disorder admissions, and 3.3 times the risk of PTSD.
Relative to soldiers younger than 20 years, soldiers who were forty years or older experienced 40 to 70% greater risk of any mental disorder admission. However, the risk of substance abuse was higher in soldiers younger than 20 years old.
African American and Hispanic soldiers had 30% less incidence of any mental disorders and 40% decreased substance abuse and mood disorders as compared to White soldiers. Rates of anxiety disorder and PTSD in African American soldiers were half the rates of White soldiers. Native American soldiers had the most statistically significant increased risk in substance abuse disorder hospitalization, followed by White soldiers.
Risks of any mental disorder, substance abuse, adjustment, and anxiety disorders quadrupled in the enlisted soldiers as compared to officers. Enlisted personnel also suffered 2.5 times greater incidence of mood disorders and 6 times higher risk of PTSD.
Compared to combat units, combat support units had 20 and 40% decreased risks of any mental disorders and anxiety disorders, respectively, but 40% increased risk of mood disorders. The stratified analysis of any mental disorder by gender showed that male soldiers in the combat support unit had statistically significant reduced risk of any mental disorder compared to the combat unit. We did not see the same significant contrast in the female soldiers. Risk of most mental disorders was greater in the earlier operational phases compared to phase 3 (stabilization).
Risk Analysis of Mental Disorders-OEF
During OEF, 300 soldiers had a total of 315 admissions with any mental disorder. Gender, race, and grade were significant risk factors (Table VI) five percent of the anxiety disorders were the result of PTSD. Because of small numbers PTSD was not analyzed in OEF. In female soldiers, risks of any mental and adjustment disorders were doubled, and risks of mood and anxiety disorders were tripled as compared to the male soldiers.
Soldiers younger than 20 years old had increased risk of substance abuse hospitalization as compared to all age groups other than 50 years old. Risks of any mental disorder and adjustment disorder admissions were half or less in African American soldiers as compared to White soldiers, but Native American soldiers had 5 times more adjustment problems as compared to White soldiers. National Guards had 40% reduced risk of adjustment disorder admissions as compared to active duty soldiers. Risk of any mental disorder bospitalization was quadrupled in enlisted soldiers relative to officers. Soldiers in combat service support units were 70% more likely to experience adjustment disorders as compared to combat units.
Comparison Between OIF and OEF
Alcohol and drug abuse-related hospitalizations were significantly (30%) lower in Iraq than in Afghanistan (OlF/OEF: RR = 0.71, 95% CI = 0.52-0.97). There were borderline statistical differences at the 0.10 level of significance between Iraq and Afghanistan in adjustment disorder admissions (OIF/OEF: RR = 0.78, 95% CI = 0.60-1.02) and other mental disorder hospitalizations (OIF/OEF: RR = 1.20, 95% CI = 0.98-1.47).
Length of Tour and Days to Mentai Admissions
The median time to hospitalization with a mental disorder from the start of a tour was 118 days for soldiers serving in Iraq (mean = 137) and 112 days for those serving in Afghanistan (mean -135). Seventy percent of admissions in Iraq and 63% of admissions in Afghanistan involving a mental disorder occurred in the latter half of a soldier's tour. Mean length of tour in Afghanistan for soldiers hospitalized with mental disorders was 225 days compared to 169 days for those without mental disorder admissions. In Iraq, the mean length of tour was 210 days for soldiers who had hospitalizations associated with mental disorder, compared to 195 days for soldiers without a mental disorder. TTiis difference was more pronounced during the stabilization phase in OIF, where the mean length of tour was 203 days for soldiers with mental disorder admissions compared to 179 days for soldiers with no mental disorder admissions.
Attempted SuicidetSeif-infiicted-Reiated Admissions
Both age and gender were strong risk factors in attempted suicide-related admissions for soldiers serving in OIF. Of the 72 attempted suicide-related admissions by male soldiers, those in their twenties had the highest admission rate (20-29 years: n = 59, rate = 0.46/1,000 soldier-year; 30-39 years: n = 8, rate = 0.13; 40-49 years: n = 4, rate = 0,16), whereas the youngest and the oldest age groups had only one or no attempted suicide-related admissions, respectively. There were 49 attempted suicide-related admissions of female soldiers, and the highest admission rates were in female soldiers younger than 30 years old (<20 years: n = 8, rate = 10.5/1,000 soldieryear; 20-29 years: n -37, rate -2.08).
Similarly, age and gender appear to be risk factors in attempted suicide-related admissions in OEF, although the small sample sizes did not allow decisive conclusions. There were only 6 attempted suicide-related admissions by male soldiers, and 4 of those admissions belonged to male soldiers in their twenties. The 8 female soldiers with attempted suiciderelated admissions were all in their twenties.
DISCUSSION
War is an extremely stressful environment that is characterized by constant danger, uncertainty, and confusion. This has prompted us to study, measure, and try to comprehend the resulting mental disorder in soldiers. The present study provides information about the magnitude and characteristics of mental disorder hospitalizations among U.S. Army soldiers deployed in Iraq and Afghanistan through December 2004, as an extension of our ongoing surveillance of U.S. Army hospital admissions in both campaigns.
Similar to previous studies,^' we found that the most common mental problems for deployed soldiers in both Iraq and Afghanistan were mood disorders (including major depression, bipolar disorder, dysthimia), adjustment disorders, anxiety disorders and substance-abuse related disorders. Comparing the operations, we found the incidence rate of substance abuse to be significantly higher in soldiers deployed to Afghanistan as compared to Iraq.
Admission rates (Table 1 ) reported in a previous study for all 4 branches of military service (Army, Navy, Air Force, Marines) in the 1990s^ were twice the hospital admission rates for any or principal mental disorders of Army soldiers in this study. However, the percentage of hospital admissions with a mental disorder diagnosis was similar in both studies.
In terms of rates, Hoge et al.^ found that females, younger age, and single soldiers had higher rates of mental disorder hospitalizations. He also found rates to be similar among African Americans, Hispanics, and Whites, slightly lower for Asian/Pacific Islanders, and higher for American Indian/ Alaskan Natives, Rundell' studied the demographic characteristics of military personnel who were psychiatrically evacuated from the theater of operations in OEF and OIF He found that these personnel were more likely to be female, under the age of 31 years, African-American or Hispanic, enlisted, and National Guard/Reserve. Similar to the above findings, we found that female and enlisted soldiers in Iraq were among the high-risk groups for almost all mental disorders. Similarly, Native American soldiers also demonstrated the highest rate of substance abuse admissions, but for most other mental categories White soldiers were at greater risk, contrary to Hoge. Older soldiers were at higher risk for any mental disorder hospitalization, and younger soldiers were more susceptible to substance abuse disorder. Combat units in Iraq experienced significantly higher risk of any mental disorder and anxiety disorder admissions as compared to combat support units. In terms of overall risk of mental disorder hospitalizations in Iraq, combat service support units demonstrated similar risk as combat units, but tbey had a 40% higher risk of mood disorder admissions as compared to combat units.
In Afghanistan, female, enlisted, and White soldiers were among the high-risk groups for mental disorder admissions. Younger soldiers were more susceptible to substance abuse disorders. Risk of substance abuse in Afghanistan was also increased in National Guard as compared to active duty soldiers, but the contrast was not statistically significant. Combat service support soldiers had significantly higher risk of adjustment disorder hospitalizations as compared to soldiers in combat units and Native American soldiers also had increased risk of adjustment disorders as compared to White soldiers.
When we searched for the profiles of individuals with the greatest risk of suicide/self-inflicted injury admissions in both OIF and OEF, we found that soldiers in their twenties were most prone to those hospitalizations. Comparison of genders across the same age category suggested that it was the female soldier in her twenties who was the most vulnerable for hospitalizations that include attempted suicide/self-infiicted injury diagnoses. Our findings suggest that female soldiers were at increased risk of all mental disorders including PTSD and attempted suicide/self-infiicted injury disorders.
To summarize, both enlisted soldiers and female soldiers had significandy greater risks for mental disorder hospitaliza-tions in both operations as compared to their counterparts. Of these high-risk groups, the enlisted soldiers comprised more than 80% of the deployed force. On the other hand, the female soldiers were a minority (OIF, 11%; OEF, 8%). Although age constituted a risk with regard to many mental diagnoses, the specific age category varied with operation and type of mental disorder. Further, small numbers did not always allow meaningful estimation and testing. When it comes to race/ethnicity. White soldiers were at higher risk for most mental disorder hospital admissions in both operations.
Previous studies of subpopulations of soldiers'*" reported PTSD prevalence ranging from 5 to 13%. After restricting to hospitalizations of Army soldiers with mental health disorders, we found PTSD levels of 4.4% (OEF, n = 14) and 7.1% (OIF, n = 116). Literature review'""''''*" suggests comorbidity of PTSD and substance abuse disorder. We also found higher occurrences of substance abuse disorders in admissions related to PTSD as compared to admissions without PTSD, especially in OEF (28.6% versus 14.6%).
However, these results are not conclusive, as hypothesis testing was not done because of small numbers. In light of current research on the co-occurrence of PTSD and substance abuse, these results reinforce the need to pursue further investigations of PTSD and substance abuse comorbidity.
We observed that most of the mental health admissions occurred in the latter part of a tour. It could be argued that the incidence of mental disorders shortened the tour, with the expected result that most mental admissions would happen at the end of the tour rather than at the beginning. But comparison of tour lengths of soldiers with and without mental disorder-related admissions showed that tour length was longer for those with mental disorders as compared to those who did not have mental disorder-related hospitalizations. This suggests that there may be an association between longer tour lengths and mental disorder health.
Reeve's study'" brings new clinical awareness to the warrelated mental health issues in today's veterans. He classifies mental health into 3 phases: immediate, delayed, and chronic. The immediate response occurs right after the trauma, the delayed response occurs in the aftermath of the battle, and the chronic response occurs months and years after the trauma. Our mental health study falls into the immediate and the delayed categories; therefore, longitudinal studies that include convalescent and rehabilitative care are essential for evaluating the long-term status and impact of mental disorders of soldiers being redeployed to OEF and OIF. Study of return-to-duty status in addition to the length of deployment may provide additional insight into the mental health of deployed soldiers.
The size of the population and the number of medical records lend strength to the current study. By analyzing the number of individual soldiers and number of mental health admissions, we identified specific demographic and force composition criteria that presented an increased risk of mental health admissions. The limitations of this study include lack of predeployment mental health data and exposure to trauma and other stress-related factors, such as sleep deprivation. As compared to previous wars such as World War II and the Vietnam War, the more recent operations, OIF and OEF, are not major combat operations. Because of limited data we used operational phase as a proxy for intensity of operation, and because the conflicts in Iraq and Afghanistan are not linear tactics,^"* unit types may not represent combat exposure. In the future more definitive markers for exposure and combat intensity may be developed.
This study covered mental disorder episodes of care between September 2001 and December 2004. The increasingly complex military activity in both campaigns as they progress may have growing impact on soldiers' mental health. Therefore, there is a need to evaluate the ongoing trend in mental disorder-related hospitalizations as both campaigns unfold.
